ABSTRACT This paper analyzes determinants of ex-manufacturer prices for originator and generic drugs across countries. We focus on drugs to treat HIV/AIDS, TB, and malaria in middle and low-income countries (MLICs), with robustness checks to other therapeutic categories and the full income range of countries. We examine the effects of per capita income, income dispersion, competition from originator and generic substitutes, and whether the drugs are sold to retail pharmacies versus tendered procurement by non-government organizations.
INTRODUCTION
Pharmaceutical pricing in middle and low-income countries (MLICs) is an important and contentious issue. Because most patients lack insurance coverage and pay out-of-pocket for drugs, pricing commensurate with income is critical to affordability. The World Trade Organization's requirement that all countries adopt a 20-year product patent regime as a condition of World Trade Organization membership has prompted concerns that patents undermine generic availability and make drugs unaffordable in MLICs. In theory, patents need not imply high prices if originator firms price discriminate across countries based on per capita income (PCI) (Malueg and Schwartz, 1994; Danzon and Towse, 2003) ; however, incentives for pricing commensurate with mean income may be undermined by price spillovers across countries (due to parallel trade and external referencing) and by skewness of income distributions (Flynn et al., 2009) . In practice, although generic copies are available for most originator drugs, asymmetric information about generic quality potentially undermines price competition. Thus, the affordability of both generic and originator drug prices in MLICs remains an empirical question with little evidence. This paper outlines a conceptual model of manufacturer pricing of originator and generic drugs across countries, focusing on effects of PCI, competition, and quality uncertainty. 1 The empirical analysis uses data from IMS Health on ex-manufacturer prices to retail pharmacies for originator and generic drugs in two large therapeutic categories (cardiovascular and anti-infectives) in 37 countries, including high and low-income countries. We report analyses of the effects of mean PCI and income dispersion (Gini) within a country and the number and types of potential competitor products. To further examine drug markets within MLICs, we use drugs to treat HIV/AIDS, TB, and malaria (a subset of the anti-infective class) to compare IMS ex-manufacturer prices in the retail pharmacy channel, which is characterized by atomistic purchasers and quality uncertainty, with prices charged for the same drugs in the procurement channel, where large institutional purchasers procure from World Health Organization (WHO)-qualified suppliers, using tendering to stimulate price competition. The procurement data are from the WHO's Global Price Reporting Mechanism (GPRM).
For ex-manufacturer prices to retail pharmacies across the full income range of countries, we estimate the price elasticity with respect to PCI at 0.267 for originators and generics combined but 0.100 for MLICs. Income dispersion is associated with relatively high prices in the retail channel in MLICs. Although generics are priced on average 32% below originators in the retail channel, the generic/originator price ratios are widely dispersed and some exceed one. Procurement lowers originator and generic prices by 42% and 34%, compared with their respective retail prices, and this procurement effect cannot be explained by volume. More important appears to be that procurement buyers require WHO prequalification of suppliers, which reduces quality uncertainty, and use tendering to stimulate price competition.
In the remainder of this paper, Section 2 outlines the conceptual framework of originator and generic drug pricing and reviews previous literature; Section 3 describes data and empirical methods; Section 4 reports results of the multivariate regression analysis; Section 5 concludes.
THEORY AND PREVIOUS LITERATURE

Pricing on-patent drugs: mean per capita income and skewness
Consider the strategy of a multinational firm pricing an on-patent, originator drug for the retail pharmacy channel in different countries. Assume initially that price discrimination is feasible across countries, but only one price can be charged in each country, due to price regulation and/or price arbitrage by distributors. Simple price discrimination implies that the profit-maximizing price in each country is inversely related to its demand elasticity (E), which is plausibly inversely related to mean PCI.
2 Thus, originator prices are predicted to vary positively with (but not necessarily in proportion to) PCI across countries, and this is plausibly welfare superior to uniform prices across countries.
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In practice, several factors may undermine the expected positive relationship between prices and PCI across countries. First, in most high income countries (HICs), comprehensive health insurance makes consumer demand inelastic, which in turn is counteracted by payer regulation of drug prices. Pricing by manufacturers should still vary positively with PCI across countries, provided that these insurance systems reflect average consumer willingness-to-pay for health, and this is inversely related to demand elasticity.
Second, parallel trade and external referencing by payers undermine manufacturers' ability to price discriminate across countries, creating incentives for firms to charge higher prices in low-income countries than they would under perfect discrimination, accepting smaller market share to avoid low prices spilling over to higher-priced markets. However, in practice, external referencing and parallel trade occur mostly among countries at similar income levels in the same region, especially within the EU. It therefore seems unlikely that fear of price spillovers to HICs is a major cause of high prices in MLICs.
Third, Flynn et al. (2009) show that the highly skewed income distribution in many MLICs would lead a single price monopolist to charge higher prices in poor countries than would be predicted based solely on PCI. No empirical evidence is presented. Although this effect might in theory be mitigated if firms could price discriminate within countries, this requires barriers to price arbitrage, such as separate private versus public payers. 4 Price discrimination is unlikely to be sustainable in retail pharmacy markets in MLICs, where most consumers pay cash and retailers are served by common distribution networks. The model of Flynn et al. (2009) therefore predicts that originator drug prices will be positively associated with the Gini measure of skewness, but there is no evidence to date.
Previous empirical evidence on cross-national price differences for on-patent drugs focuses mainly on HICs (e.g., Chao, 2000a, 2000b) . Danzon and Furukawa (2008) found that prices varied roughly in proportion to income across HICs, but for Brazil, Mexico, and Chile, drug prices were twofold to threefold higher relative to PCI. Empirical evidence on drug prices in MLICs is limited. Maskus (2001) analysis of 20 drugs in 14 countries in 1998 found a correlation between average list price and PCI of roughly 0.5. Scherer and Watel (2001) found that for 15 anti-retroviral drugs in 18 countries for the period 1995-1999, the average price was 85% of the US list price, PCI only weakly contributed to price differences, and the relationship declined over time as companies began offering discounts unrelated to PCI.
Generics: quality and competition
In most HICs, generic copies of originator drugs can be marketed after expiry of patents and other exclusivities, subject to meeting regulatory requirements of bioequivalence and good manufacturing standards. These regulatory requirements for generic quality enable consumers/payers to treat generics as perfect substitutes for originators, which is a necessary condition for aggressive generic price competition and erosion of originator sales once multiple generics enter an originator market.
5 By contrast, drug regulatory agencies in most MLICs admit generic copies that are marketed as functionally equivalent to the originator but are not required by regulation to demonstrate bioequivalence or meet international good manufacturing practice standards. Although most MLICs have adopted TRIPS patent provisions, existing generics were grandfathered and strict requirements for 'novelty' have led to patent denials for several new drugs that are patented in the US and EU.
6 Thus, generics are available for most molecules in MLICs, but generic quality is heterogeneous and uncertain to consumers.
Given heterogeneous product quality, a drug manufacturer's optimal pricing strategy depends on its type and on the distribution of consumers' perceptions and willingness-to-pay for drug quality. Consumers in MLICs (or their physician/pharmacy agents) may observe three categories of products that differ in expected quality: (i) originator brands have met the strictest safety, efficacy, and purity requirements of the FDA or European Medicines Agency; (ii) generics sold by large, multinational generic producers that have met at least WHO standards of quality; and (iii) domestic generics, which include some firms with established reputations and others of unknown quality.
In such markets with heterogeneous products and consumer preferences, originator firms may rationally adopt a segmentation strategy, raising price to target the most quality-inelastic, price-inelastic consumers, abandoning the more quality-elastic segment to lower-quality generics. 7 Multinational generic producers that are WHO-qualified may choose to position themselves as high-quality/high-price generic brands or may choose a lower-price/high-volume strategy. Third, among the heterogeneous domestic generics, some may invest in reputation for brand quality and charge higher prices, 8 whereas others charge the lowest prices to attract the most price-sensitive customers. Thus, in generic markets with weak regulatory requirements for quality, most generics are branded generics, and price becomes a signal for quality. A wide dispersion of generic prices is possible in such markets, and the extent of price competition is an empirical question.
Procurement of drugs for HIV/AIDS, TB, and malaria
Prior to 2000, most HIV/AIDS drugs were originator brands. The standard three-drug cocktail cost up to $10,000 per year or 10 times average PCI in the poorest countries (Kapstein and Busby, 2009 ). Around 2001, international donors created new non-government organizations (NGOs) such as the Global Fund to Fight AIDS, TB, and Malaria and the Clinton Foundation's HIV/AIDS Initiative (CHAI), with increased resources and new procurement mechanisms. Expanded global demand enabled growth of multinational generic suppliers (mostly Indian) with scale economies. These NGOs purchase mainly from WHO-qualified, generic suppliers, using tendering to stimulate price competition. Originator firms may also have incentives to offer discounts to NGOs, if their demand is more price-elastic than retail channel purchasers and/or their procurement channels reduce price-spillover risks through parallel trade and referencing. Waning et al. (2009) examined prices for 24 generic anti-retroviral drugs (ARVs) procured July 2002-October 2007, as reported to the WHO GPRM. They found that CHAI-eligible contracts have significantly lower prices than non-CHAI-eligible contracts, but volume had no significant effect on price.
Our analysis provides new evidence on cross-national determinants of drug prices in both retail and procurement channels, focusing on effects of both mean PCI and income skewness (Gini), and comparing originator and generic drugs across 37 countries, including HICs and MLICs. Our comparison of prices in the retail channel versus procurement channel focuses on HIV/AIDS, TB, and malaria drugs, comparing pricing by originators, local generics, and large multinational generic suppliers.
DATA AND METHODS
Data
Retail pharmacy channel (IMS): Our IMS MIDAS database reports sales for all drugs in the anti-infectives (J) class and the cardiovascular (C) class for most major industrialized countries and a subset of MLIC countries ( Figure 1 ). IMS reports quarterly ex-manufacturer sales and volume data for each product, in current US dollars, converted from local currencies at quarterly exchange rates. 9 We converted the IMS price per standard unit to annual treatment price using the WHO defined daily dose (DDD) for each drug presentation. 10 We include year indicators to control for average inflation, exchange rate changes, and other unmeasured yearspecific effects. 11 7 Frank and Salkever (1997) develop a segmentation model to show that originators may optimally raise price following generic entry, rather than engage in price competition with generics. 8 Several MLIC-branded generic firms have been acquired by originator, multinational pharmaceutical companies because of their attractive profit margins. 9 For most MLICs, IMS reports a single aggregate channel. When IMS reports retail and hospital channels separately, we aggregate to a single channel and calculate an average price weighted by volume. 10 When WHO DDDs were unavailable, we used recommended daily doses published in the medical literature. 11 Producer price indexes (PPIs) were available for some but not all countries. We estimated equations for countries with PPIs available, and results were similar to those reported here.
Procurement channel (GPRM):
We used WHO's GPRM database to obtain prices for all drugs procured by NGOs such as UNICEF, the Global Fund, Missionpharma, and the IDA Foundation. Each GPRM contract records the purchaser, recipient country, purchase date, manufacturer, total contract cost in current US dollars, and quantity of units and packs. 12 Our GPRM dataset includes about 23,000 contracts for 115 countries. The majority of these contracts are for ARVs to treat HIV/AIDS (21,344 for ARVs versus 2,066 others).
Dataset structure and country groups
Our unit of analysis is average annual ex-manufacturer treatment price for the molecule-country-year, with separate observations for generic and originator products for the retail (IMS) and procurement (GPRM) channels where available, for the period January 2004-June 2008. For the comparison of retail versus procurement prices, our IMS sample is limited to those HIV/AIDS, TB, or malaria drugs that are also procured through GPRM for at least one country. Combination drugs are treated as unique products.
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Ten countries (Algeria, Brazil, China, Egypt, India, Indonesia, Morocco, the Philippines, South Africa, and Thailand) are in both IMS and the GPRM datasets. A group of 10 Sub-Saharan Africa countries are reported aggregated in IMS as 'French West Africa'.
14 We therefore created a comparable, GPRM French West Africa aggregate, defined as the population-weighted average of the country-specific data in GPRM for these individual countries.
We report regression estimates for three country groups: (i) all countries for which we have data; (ii) the eleven matched MLIC countries with both IMS and GPRM data; and (iii) all MLICs in the same PCI range as the matched country sample that report GPRM data. This 'matched income range' sample includes more low-income countries and has very similar summary statistics to the eleven 'matched countries' (Table I ). 12 We calculate annual treatment cost by dividing the GPRM contract price and quantity after adjusting quantity by the WHO defined daily dose (DDD) to arrive at the number of annual treatment courses per contract. Our calculated annual treatment cost data closely match an estimate provided in the GPRM data for oral solid formulations. For other formulations, GPRM does not provide annual treatment cost. 13 Most combinations are ARVs, which include component ARVs of the same or different classes. These combinations were generally produced only by generic manufacturers selling to GPRM and are not in the IMS data. A few molecules have two observations, due to a nonoral solid form in addition to the oral solid form. 14 Benin, Burkina Faso, Cameroon, Congo, Cote d'Ivoire, Gabon, Guinea, Mali, Senegal, and Togo.
We base most conclusions on the matched income range sample, which provides more robust evidence on GPRM prices.
Methodology
We estimate a quasi difference-in-differences model of log prices with indicator variables to test for differential effects for each license-channel category (retail generics, procurement originators, and procurement generics, designated by the vector Z below) compared with the referent retail originator category:
In this pooled equation, a 1 , a 2, and a 3 measure the mean price differential of the three channel-license categories-retail generics, procurement originators, and procurement generics-respectively, relative to retail originators; b 0 is the income elasticity for IMS originators in the retail channel, and b 1 is the vector of differential income effects for generics and the procurement channel; c 0 and c 1 are the coefficients on the vector of competition variables COMP; d 1, d 2 , and d 3 , respectively, measure effects of income dispersion, HIV prevalence, and volume; u i and u t are molecule and year fixed effects, and v ijt is a random disturbance term. We also estimate separate equations for each of the four license-channel categories (originator brands and generics in the retail and the procurement channels, respectively) to permit all coefficients to differ across categories. The procurement regressions include purchaser indicators, to test for variation in prices paid by different GPRM purchasers, due to scale, bargaining power, or other factors. For the full cardiovascular and anti-infectives classes, we estimate the same specification for the retail channel only.
Variable definitions and hypotheses
Per capita income, income dispersion, and HIV Prevalence: Per capita income is measured by (log) per capita gross national income in international dollars. Originator drug prices are expected to be positively related to PCI under the joint hypothesis that originators can price discriminate across countries and that price elasticities vary directly with mean PCI. By contrast, if generic markets are price competitive, generics would lack the market power necessary to price discriminate across countries, and generic prices should be invariant with PCI.
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The Gini measure of income equality is expected to be positively related to prices if income inequality leads to higher prices due to demand convexity (Flynn et al., 2009 ). This effect is expected to occur only for originators, if generics are price competitive, and only in the retail sector.
Some MLIC governments argue that disease burden should justify a lower price, and some originator companies list disease burden as a factor in their corporate responsibility and pricing strategies. If these considerations are significant, HIV prevalence is expected to be inversely related to drug prices.
Number of competitors: We define markets by therapeutic class-country-year, using the IMS classification to define four classes for HIV/AIDS drugs (NRTIs, NNRTIs, PIs, and combinations) and one class each for TB and anti-malarials. 16 Originator competitors are the number of originator products in a therapeutic classcountry-year. We distinguish two types of generic competitors: tendering generics are generic producers who sold to the procurement channel at least once during our period, in any country, and thus have demonstrated ability to comply with international quality standards and compete on price. Retail generics are firms that never participated in procurement, whose quality and ability to compete on price is more uncertain. Generic competitors are at the therapeutic class-country-year, to allow for inter-molecule (therapeutic) and intra-molecule (generic) competition. In the pooled regressions (Table II) , competitor counts include both channels. Under standard competition models, prices are expected to be inversely related to number of competitors. This effect is expected to be weaker in the retail channel than the procurement channel, if uncertain quality undermines price competition in the retail sector. For generic observations, we include an originator present indicator if the molecule originator is present in a country-year. The coefficient is expected to be positive if generics shadow price the originator brand.
Formulation: An indicator variable is included for non-oral solids such as liquids and creams, which typically have higher production costs and fewer competitors than the tablets and capsules which are the bulk of the observations. Volume: Volume is measured in annual doses (logged) at the contract level for GPRM and at the moleculecountry level for retail originators and generics.
Purchaser indicators: In separate GPRM regressions, we include indicators for the four purchasers with the most contracts: UNICEF, the Global Fund, IDA, and Missionpharma. 17 The coefficients should be negative if their aggregate volume gives these purchasers an advantage beyond the contract-specific volume. 17 The Clinton Foundation (CHAI) negotiates upper limits on supplier prices for countries that meet eligibility criteria. However, CHAI itself accounts for only 4% of the GPRM contracts. It contracted with IDA for purchase of its pediatric medicines and presumably contracts with other purchasers for adult medicines. Because the CHAI prices are a ceiling price and actual purchasers may negotiate lower prices, we use indicators for actual purchaser rather than CHAI eligibility of the recipient country, in contrast to Waning et al. (2009) . Table I reports descriptive statistics for HIV, TB, and malaria drugs in the retail and procurement channels. The all-country sample includes 37 countries with IMS data, with mean PCI of $24,318 and 112 countries in GPRM with mean PCI of $3467. The matched country sample has 11 countries, with mean PCI of $4610. The matched PCI-range sample includes 73 countries, primarily adding countries with GPRM data, with no material differences in demographic characteristics. Our discussion therefore focuses mainly on the results for the matched PCI-range countries, which have PCI of $1000-$10,000. For these countries, the retail channel (IMS) has more molecules with both an originator and at least one generic available than the procurement channel (GPRM). The larger mean number of originator and generic competitors per class in the pharmacy channel (2.32 and 20.0) versus the procurement channel (0.73 and 1.90, respectively) largely reflects the much larger number of suppliers of TB and anti-malarial drugs to retail pharmacies. For HIV, the mean count of actual suppliers is larger in the procurement channel, and this may understate potential competitors.
18 Whereas most originator firms participate in both the retail and procurement channels, few generic manufacturers serve both channels. Of the 876 generic firms in our data, 766 sell only in retail, 76 sell only in procurement, and 34 sell in both channels. Why many large, tendering generic firms do not sell through the retail channel is an important question for future research. Mean annual doses sold is larger in retail than procurement, again because of the large volume of anti-malarials and TB drugs in the retail sector. Table II reports pooled brand-channel regressions for log annual treatment price for our three country groups. Robust standard errors are clustered at the country level. Exponentiated coefficients (including a variance correction (Kennedy, 1981) ) for indicator variables are in italics. Table III reports separate regressions by channel and brand status for the matched PCI-range countries. These channel-specific equations permit all coefficients to differ by brand and channel status and show effects of individual GPRM purchasers. Our discussion here is based mainly on the pooled regressions, with reference to the channel-specific regressions where relevant.
MULTIVARIATE REGRESSION ESTIMATES
Brand and channel effects
For the all-countries sample, the price differentials, relative to retail originators, are À35.1% for retail generics, À71.2% for tendered originators, and À81.9% for tendered generics. For the matched PCI-range countries, the differentials relative to retail originators are À31.6 percent for retail generics (but not significant after controlling for volume), À42.4% for tendered originators, and À66.8% for tendered generics. Thus, although retail channel generics in MLICs on average charge 31.6% less than originators, the large variance implies statistical insignificance. By contrast, both originator and generic prices are significantly lower through procurement. These large procurement differentials plausibly reflect procurers' use of competitive tendering and the focus of competition on price, by requiring that suppliers meet WHO qualification to reduce quality risk. Originators may also be more willing to discount to the procurement channel due to reduced risk of price spillovers to high income purchasers in the same or other countries. Excluding volume does not significantly change these mean channel price differentials.
Volume: The average elasticity of price with respect to volume is À0.106 in the pooled estimates. The channel-specific estimates show slightly larger volume elasticities in procurement compared with retail pharmacy: À0.04 and À0.07 for retail generics and originators, respectively, and À0.067 and À0.145 for tendering generics and originators, respectively. Thus, contract volume contributes to lower procurement prices mainly for originators. However, these contract-specific volume elasticities do not capture the scale economies that may have resulted from the expansion of aggregate demand that was associated with procurement.
Income: The income elasticity of prices with respect to average PCI is 0.267 for the full range of countries and only 0.100 in MLICs, or far less than required to maintain prices proportional to PCI. In the channelspecific MLIC regressions, the income elasticity of originator prices is insignificant in the retail channel but 0.32 in the procurement channel, suggesting that originators are more willing to discount to lowincome countries in the protected procurement context. The income elasticity of generic prices is insignificant in the procurement channel, as expected if tendering forces generics to price at marginal cost, which varies little across countries. By contrast, in the retail channel, the income elasticity of generics is negative, consistent with the hypothesis that price competition is ineffective in MLIC retail markets. Robust standard errors adjusted for 37 clusters in country in brackets. ‡ All competition measures are calculated within country-class-year, by channel. § There are (by definition) no retail-only firms in the tender channel. # The originator molecule flag is equal to one for every originator observation. *p < 0.1. **p < 0.05. ***p < 0.01.
Income skewness also appears to contribute to higher prices in retail pharmacies in MLICs, but this effect is eliminated by procurement. 19 The channel-specific regressions for PCI-range countries show a significant, positive skewness effect for both originator (0.05) and generic prices (0.086) in retail pharmacies but no significant effect in the procurement channel.
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Originator prices are significantly inversely related to HIV prevalence in MLICs, but the effect is small, with larger effects in the pharmacy channel than the GPRM channel.
Overall, this evidence implies that drugs in retail pharmacies are least affordable in the lowest income countries, due to insignificant or perverse PCI-based price differentials for originators and generics and positive skewness effects for both generics and originators. Procurement reduces drug prices on average and eliminates the regressive mean PCI and skewness effects.
Competition: In the all-countries, pooled channels regressions, the marginal effect of an additional tendering generic is to reduce drug prices by 4.5%, compared with only À0.89% for an additional retail generic. The smaller marginal effect for retail generics may partially reflect the much larger mean number of retail generics than tendering generics. Further, our count of tendering competitors may be downward biased, because it omits any who tendered unsuccessfully, unless they chose to sell to retail pharmacies in that country-class-year.
The channel-specific regressions shed further light on the nature of competition. The marginal effect of tendering generics is significantly negative (À0.068) for originator prices but positive for generic prices in the retail sector. By contrast, additional retail generics tend to lower average retail generic prices but have no effect on originator prices. This supports the hypothesis that in the retail channel, tendering generics are more effective competitors for originators and can charge high prices relative to retail generics because tendering generics are perceived to be relatively high quality. In the procurement channel, number of competitors appears to have no effect on prices. This conclusion is tentative due to only observing successful bidders.
Markets with the originator present have 36-44% higher prices on average. The channel-specific regressions confirm that generic prices in the retail channel are 38.3% higher when the molecule originator is present, consistent with shadow pricing by generics. Procurement eliminates this effect.
Retail originator prices are positively associated with the number of originator competitors, contrary to simple price competition models. This may reflect increased promotional spending by originators in crowded classes, which makes product-specific demand more inelastic; the estimates may also be upward biased for net prices if competition leads to increased discounting that is not fully captured by the IMS data. Although these estimates are also potentially upward biased by endogeneity, such bias is mitigated because originators face lengthy regulatory requirements and other delays in launching a new product, which could take at least 2 years. Entry decisions depend on expected prices over the multi-year life of a product, and rapid entry in response to a current price premium would be irrational if other competitors could easily enter and compete down the price.
Overall, this evidence suggests that competition on price is generally weak in retail pharmacies in MLICs. Having multiple originators in a class does not reduce retail prices on average. An additional retail generic has no significant effect on originator prices and a weak (À2.0%) effect on average generic prices. An additional tendering generic reduces originator prices by about 7%, but raises average generic prices, plausibly because tendering generics can charge relatively high prices due to their perceived higher quality. These results are 19 Estimated effects of skewness may be imprecise due to missing Gini data for several low-income countries and high correlation with log PCI for the MLIC countries: 0.51 for MLIC countries in IMS, 0.27 for GPRM countries, and 0.31 for all countries combined. Tests for restricted models do not support excluding the Gini indicators for retail generic and originator regressions. 20 Diagnostics to identify influential observations (dffits) did flag a small fraction of observations beyond a threshold of 2 ffiffiffiffiffiffiffi ffi p=n p , where p is the number of estimated parameters, and n is the number of observations. Omitting these observations had no significant effect on the coefficients reported in Table III. Table IV 
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consistent with models in which uncertain quality leads to competition on brand as a proxy for quality, rather than price competition.
Tendering purchaser effects: The channel-specific regressions show that the Global Fund and IDA pay at least 20% higher prices for both generic and originator drugs, and Missionpharma pays a similar premium for generics, compared with smaller purchasers (the omitted category). Given molecule, year, and volume controls, these effects cannot be attributed solely to differences in volume or drugs purchased by different purchasers. These purchaser differentials may reflect their intentional policies to pay prices sufficiently high to continue to attract multiple bidders to this market, which would be strategically rational for large purchasers. It is also possible that our DDD-corrected prices and form indicator do not adequately control for pediatric formulations that may be purchased disproportionately by some payers. 
Comprehensive anti-infective and cardiovascular class results
As a robustness check on our results for HIV, malaria, and TB drugs, Table IV reports regressions for the entire anti-infectives (J) and cardiovascular (C) classes, for retail originators and generics in the matched PCI-range countries.
22 These drug categories are not centrally procured by NGOs, and hence no GPRM data are available. The dependent variable is log price per standard unit rather than log DDD-adjusted annual treatment price as we lacked DDD data for many drugs.
Income elasticities of prices in both classes are significantly negative for originator drugs, whereas Gini coefficients are significantly positive. These estimates are tentative due to significant correlation between log PCI and Gini for these countries. In similar regressions for originators and generics combined for the entire income range of countries, the income elasticity for J and C class pharmacy drugs is around 0.3 and the Gini is insignificant. 23 An additional generic competitor reduces generic prices by 0.4% and originator prices by 0.2% in both the J and C classes. Competition from other originators in the class reduces originator prices significantly only for the C class.
Thus, overall, the conclusions from the HIV/TB/malaria drugs are confirmed by these two very large classes. The at best small (0.0-0.3) income elasticity of drug prices implies that prices are least affordable, relative to income, in low-income countries. Income skewness exacerbates these effects. In MLICs, despite multiple competitors, price competition does not appear to be strong in retail channels, plausibly because competitors compete on brand rather than price due to quality uncertainty.
CONCLUSIONS
This evidence on ex-manufacturer prices for both originator and generic drugs suggests that income-related price discrimination and competition alone are unlikely to achieve affordable prices in low-income countries, within traditional distribution and institutional environments. Drug price elasticities with respect to mean PCI are small across the full income range of countries (0.0-0.3 for originators) but insignificant or negative in MLICs, implying that the poorest countries face the highest prices relative to their PCI. Skewed income distributions in MLICs exacerbate high drug prices relative in PCI. Competition from other originator drugs is largely ineffective in retail channels. Although generic prices are 31% below originator prices on average in MLICs, this differential is not statistically significant due to large variance, and partly reflects the lower 21 Pediatric-specific DDDs were applied for clearly pediatric formulations, but some ambiguous cases remained. 22 Combination products are excluded from the full J-class and C-class analysis because these broad classes include many over-the-counter combination products. 23 Regressions available from authors. and/or less certain quality of generics, not pure price competitiveness. 24 A marginal retail generic competitor reduces average generic prices by 0.89%, with no effect on originator prices. By contrast, an additional tendering generic (a generic supplier that has met WHO quality standards and participated in procurement) reduces originator prices by 6.8%.
The evidence from HIV/AIDS, TB, and malaria drugs shows that procurement reduces originator and generic prices by 42.4% and 35%, compared with their respective retail pharmacy prices. Procurement reduces quality uncertainty by imposing minimum quality standards, thereby attracting multinational generic suppliers and focusing competition on price. Originators may also be more willing to grant discounts to procurement because this channel is less prone to price spillovers to other countries.
The findings for retail pharmacy prices of the HIV/AIDS, TB, and malaria drugs are confirmed by similar analysis of ex-manufacturer prices for the entire anti-infective and cardiovascular classes in pharmacies. These broad classes similarly show that prices in MLICs are largely unaffected by mean PCI and competition, and positively related to income skewness, for both generics and originators. This skewness-sensitive pricing of generics is inconsistent with the hypothesis that competition enforces marginal cost pricing by generics.
This evidence suggests that although price discrimination between MLICs countries could in theory be a profit-maximizing (and welfare enhancing) strategy for originators, and generics are widely available, PCIrelated pricing is undermined if income distributions are skewed and/or competition focuses on brand, rather than price, due to asymmetric and uncertain quality of generics. Price discrimination within MLICs is unlikely to be feasible when drugs are sold to largely self-pay patients in retail pharmacy channels served by common distribution networks. Encouraging generics has limited benefit in retail channels as long as quality is uncertain. A protected procurement channel, with informed buyers who require minimum quality standards and price competition, can in theory achieve within-country price discrimination and thereby provide drugs at lower prices to targeted poor populations than is possible in the retail sector. Whether public hospitals, targeted insurance programs or other mechanisms might serve as such a protected channel for a broad range of drugs in at least some MLICs is an important question for future research. More generally, finding better mechanisms to enable differential pricing between and within low and middle income countries is an important challenge for firms and policymakers.
